Abstract-Wireless mesh networks gradually become the core of the next generation wireless networks technology and provide ubiquitous network connectivity to Internet. However, in the process of transmission, wireless interference severely limits network capacity. Therefore, many channel assignment algorithms are recently proposed for WMNs to improve the overall network capacity, but most of them make an assumption that the traffic profile is given. In this paper, we design a centralized maxflow-based channel assignment algorithm(CMCA) for the above channel assignment problem. Finally, we use ns-2 simulations to evaluate the quality of the solution obtained by our algorithm. Simulation results show that our propose CMCA algorithm enhances the aggregate throughput more excellently than other channel assignment algorithms.
I. INTRODUCTION
Recent year, wireless mesh networks (WMNs) deployed as a type of next generation wireless broadband networks have received an increasingly attention. WMNs provide wireless broadband accessibility to extend the Internet connectivity to the last mile and improve the network coverage. A WMN consist of a set of stationary wireless mesh routers that form a multi-hop wireless backbone. These mesh routers serve as access points collecting traffic from mesh clients and forward it hopby-hop to destinations. Some of the routers also act as gateways to the Internet via high-speed wires [1] . In order to communicate successfully, two neighboring routers have to build a logical link which operates on a common channel. Due to the limitation of the number of available channels, some logical links in WMNs may use the same channel. If two neighboring links operate on the same channel and transfer data simultaneously, then they definitely interfere with each other. The network capacity and the performance of WMNs may degrade significantly because of the interference. In order to solve the problem, various channel assignment protocols have been proposed [2] [3] [4] [5] [6] . [2] propose a load-aware channel assignment algorithm(LACA) and allocate sufficient bandwidth to each wireless link through a iteratively adjusting manner. A flow-based approach is proposed in [3] . This protocol in conjunction with rate control, which assigns links with different transmission rates to proper channels and make a given set of flow rates schedulable. In [4] , the authors joint channel allocation, interface assignment, and media access control problem as a cross-layer network utility maximization problem, and propose a linear optimization model to enhance the global throughput. [5] devise a channel assignment strategy which assigns the channels in order to balance the traffic load between different channels. In [6] , the authors propose a common channel assignment algorithm, which assign nodes with a common set of channels to preserve the connectivity between nodes. But it limits the numbers of channels to be used in the network.
With regards to the channel assignment problems, researchers have done great work with the purpose of maximizing the network throughput in WMNs. However, most of them presume that the traffic demands are known, and then design an optimization algorithm to optimize it. Although these approaches can optimize the performance for a given traffic profile, they may not be suitable for dynamic network environments, where the traffic demand can not be known a prior. Besides, some channel assignment algorithms do not preserve the original network topology and then, may lead to inefficient assignments and routing in a more general peer-to-peer communication [8] . To solve the problem described above, we propose a centralized maxflow-based channel assignment algorithm. In our algorithm, we exploit a maximum flow computation method to compute the maximum achievable throughput of the network, which does not need the knowledge of the traffic demands. Then the channel assignment is presented that attempts to make the set of flow rate are schedulable while preserving the original network topology and network connectivity.
II. PROBLEM FORMULATION

A. Network Model
We model the transmission graph of the network as an undirected graph ) , ( 
) that assign to each node V u ∈ . Given a channel assignment, the set of interfered links of e can be defined by 
B. Channel Assignment Problem
Consider a wireless mesh network consists of n mesh nodes. The problem of channel assignment informally described as the problem to find a channel assignment Α that each communication link is assigned an unique channel in the network and the number of different channels assigned to the links incident on any node are at most the number of radios on that node. At the same time, we must guarantee the given set of flow rates are schedulable. If we denote by ) ( time. Therefore, the sufficient condition for a set of flow rate to be schedulable is that the sum of such amounts of time for all links in the collision domain does not exceed T . This condition also can be simplified as follow:
When a channel assignment Α is determined, it will induces a new graph model ) , ( 
C. A Maximum Flow Computation Method
Recently, many researches about channel assignment algorithms are based on the knowledge of traffic profile. They may not suitable for dynamic environments, where the traffic demand cannot be known a prior. Therefore, we need to look for a flow rate computation method to compute the flow rates, aiming at gaining the maximum throughput that can be achieved in WMNs.
Consider the network model ) , (
as we define before, in order to avoid hidden terminal nodes in the wireless network, we need to employ the IEEE 802.11 DCF(or other contention-base MAC). To support it, the link should be bidirectional between any sender-receiver pair of nodes; Otherwise, the RTS-CTS-DATA-ACK sequence can not be exchanged successfully. Besides, the capacity of all links would have maximum value under all kinds of the IEEE 802.11 standards. With this considerations, the network can be represented as a directed graph ) , ,
, where C represent the set of the capacity of all links. Then, if we disregard the interference of the network, the problem to find the maximum throughput can also be expressed as the problem to find the feasible flow through multi-source, multi-sink flow network that is maximum. This is a typical instance of a maximum multi-commodity flow problem. In practice, we usually transform the multisource multi-sink problem into a maximum flow problem by adding a super source connecting to each source node and a super sink connected by each destination node. The details as follow:
we denoted by S the set of source nodes and by T the set of sink nodes, then, E contains the same edges of E and plus some new edges which is from or to the super node, and ' C represents all the capacity of e in ' E . After transforming as described above, we can compute the maximum throughput of ' G using the methods of the maximum network flow of [7] . Then the maximum throughput associates each link with the maximum flow it can carry to be used in the channel assignment algorithm. At the same time, we also note that the maximum flow is computed in original network topology and then assign proper channels according to it, which preserve the original network topology and connectivity with the maximum extent.
III. CHANNEL ASSIGNMENT ALGORITHM
In this section, we introduce the centralized maxflowbased channel assignment algorithm for the channel assignment problem defined above. Our goal is to minimize the overall network interference. At the same time, we must guarantee the given set of flow rates are schedulable. Therefore, the channel assignment algorithm must satisfy the condition (2). This also mean that the sum of the bandwidth of all links in the conflict domain should not exceed the capacity of the share channel.
As pointed out before, some solutions [2] [3] [4] [5] may require the knowledge of the traffic demands. It may not suitable for dynamic environments. We found that the problem of finding maximum network throughput is a typical instance of a maximum flow problem in WMNs. Therefore, we exploit a maximum flow computation before a channel assignment. In our algorithm, we only need determine the capacity of each link firstly, and then we would obtain the maximum flow of all links that can carry through the maximum flow algorithm. At last, we will assign a channel to each link according to its flow rate. The purpose of doing so is that:
(1) We calculate the maximum throughput that can be achieved in WMNs by the maximum flow computation method which does not need a given traffic profile;
(2) By allocating proper bandwidth for links with different flows that it can carry to balance the traffic load of network effectively, we can guarantee the communication successful and reduce the conflict.
Thus, we use a greedy approach to assign a channel for the link with the maximum flow in all unassigned links in a iteration manner. We will give a detailed description of algorithm in Algorithm 1.
Algorithm 1:Centralized Maxflow-based Channel Assignment(CMCA)
Input:
Output: a channel assignment Α , ). , (
T v ∈ , compute the capacity of pulsing edge
Step2. select Edmonds-Karp algorithm for the maximum flow;
Step3. sort the links in decreasing order of the flow; Step4. for each link v u e , in the list 
with the minimum interference and
, the case is similar to step5;
Step7. if
, calculate its whole interference, and select a pair with the maximum whole interference; select a channel h with the minimum whole interference and 1 ) ( < e R , then set
In the beginning of the algorithm, we transform the multi-source multi-sink problem into a maximum flow problem by adding a super source and a super sink. Then we use the max-flow algorithm to gain the maximum throughput of the network and the flow of each link that it can achieve the maximum transmission in practice. We give a priority to assign a minimum interference channel to the link with the maximum flow in all unassigned links and ensure all the flows transferred by a channel do not exceed its capacity.
IV. PERFORMANCE ANALYSIS
We evaluated the performance of CMCA in WMNs by using ns-2 simulator. In addition, we compare CMCA with some algorithms: LACA [2] , CCA [6] and SCA(Single Channel Assignment). In our simulation model, the network consist of 25 nodes, and the size of the network field is 1000m × 1000m. The transmission and interference ranges are 250 and 500m. All nodes are randomly distributed and each node is equipped with two interfaces. We considered the capacity of all link are fixed at 11Mbps. The channel assignments computed by different algorithm and hence can lead to different network performances. Figure 1 show the average interference of nodes under different channel assignments. In this figure, we can see that CMCA shows a minimum interference. The results can be more significant as the flow pairs are large. Figure 2 show the average network throughputs of different algorithms when using the same number of channels( | | H =12) with different flow pairs. These results clearly indicate that CMCA perform extremely well compared with the other algorithms. From Figure 2 , we also find that the network performance of LACA increases smally after 20 flow pairs.
The improved performance of CMCA can be explained as follow. In LACA, as the number of flow pairs increase, more the load of routers enhance, and then lead to the increase of interference among the links. This increase interference degrade the performance. A similar reason also in CCA and SCA. In CCA, since the nodes are assigned by the common set of channels. It limits the use of diverse channels and the capacity of network. In CMCA, however, a router may has more intermediate nodes and more possible paths with maximum capacity to the destination node. Thus, the throughput of CMCA can grow sustainably. Figure 3 reports the results of the average network throughput under varied numbers of channels. We can see that CMCA shows obvious advantage over LACA under the same number of channels to be used. The network performance significantly increases as more available channels are being used. When | | H =6, LACA gains the maximum throughput during its simulation time and then gradually fall as the increase of channels.
V. CONCLUSION
In this paper, we study a multi-channel approach to address the channel assignment problem in WMNs. We propose the centralized maxflow-based channel assignment algorithm to compute the maximum throughput of the network and does not need the knowledge of the traffic demands. Our simulation results show that CMCA can improve the performance compare with some other well-known channel assignment protocols in WMNs. 
